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N.M-gram: Implementation of Inverted Index Using N-gram with Hash Values

MIKIO HIRABAYASHI+ andKOUICHIROU ETO #t

When constructing inverted index for full-text search system, using N-gram is very popular for tokenizing
text data of target documents. Although the method has many advantages like language neutrality and perfect
recall ratio, it has also shortage that the inverted index becomes large. The tokens extracted from documents
tend to be enormous. The system needs to record each offset of tokens into inverted index because the offset
is used for checking adjacency of tokens. The inverted index tends to be large because of the offset. In this
paper, we describ.M-grammethod, which improves space efficiency of N-gram. The method uses hash
values of succeeding tokens instead of offset in each document. The method can improve space efficiency

without losing advantages of N-gram.
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Fig.1 Structure of Inverted Index of N-gram
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Fig.2 Structure of Inverted Index of N.M-gram
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Table 1 Records Organized by Tokens
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Fig.3 Processing of Search
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Table 2 Running Environment of the Test Program
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Table 3 Appearance Tendency of 2.2-gram Tokens in a Document
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Table 4 Space Efficiency of 2.2-gram and N-gram

05 N-gramOOOO NMgramOOOOOOOOOOOOOO
Table 5 Entropy of Each Token of N-gram and N.M-gram

oo 2.2-gram 2-gram 3-gram 4-gram oo oooooo oooooo 0o B+O ooo
ooooo 560,149 560,149 | 3,596,486 | 8,370,344 2-gram | 11.46050 00 996.90MB 723.56MB | 0.7258
ooooooooo 91.72MB | 91.92MB | 140.83MB | 212.95MB 2.1-gram | 4.06040 00 799.13MB 475.89MB | 0.5955
ooooooo 3.06MB 3.06MB 28.82MB 87.42MB 2.2-gram | 6.94080 00 1008.45MB 655.45MB | 0.6499
oooooo 88.65MB | 88.86MB | 112.01MB | 125.53MB 2.3-gram | 8.59330 00 1237.40MB 853.84MB | 0.6900
00 B+0O0ODODOO 60.44MB | 65.85MB | 108.08MB | 166.91MB 3-gram | 11.83910 00 1336.31MB 1141.09MB | 0.8539
00 B+0O0ODODOO 0.6590 0.7163 0.7674 0.7837 3.1-gram | 3.60070 00 1132.43MB 883.42MB | 0.7801
oooo 1580 1650 1,5510 7,5100 3.2-gram | 6.22500 00 1347.44MB 1090.23MB | 0.8091
3.3-gram | 7.7471000 1575.97MB 1316.71MB | 0.8354
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Fig.4 Graph of Size of Inverted Indexes
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Fig.5 Graph of Entropy of Each Token
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Table 6 Comparison of Search Performance

oo 4000000 0oooooo
2-gram 82.33590 0 O 59.39350 0 O
2.1-gram | 31.38590 O O 248091000
2.2-gram | 32.38590 0 [ 27.75210 00
2.3-gram | 36.89280 0 O 30.34250 00
3-gram 26.72360 00O 22.54560 00
3.1-gram | 5.78040 00 15.50830 0 O
3.2-gram | 6.0102000 17.82230 00
3.3-gram | 6.58130 00 20.87220 00
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Fig.6 Graph of Search Performance
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Table 7 Frequency of Length of Search Word

ooo oo oo oooo

100 1189 | 0.031027 | 0.031027
200 6800 | 0.177448 | 0.208476
300 6936 | 0.180997 | 0.389473
400 8634 | 0.225307 | 0.614780
500 5197 | 0.135618 | 0.750398
600 3474 | 0.090655 | 0.841053
700 2428 | 0.063360 | 0.904413
80O 1443 | 0.037656 | 0.942068
900 913 | 0.023825| 0.965893
1000 591 | 0.015422 | 0.981316
1100 325 | 0.008481 | 0.989797
1200 149 | 0.003888 | 0.993685
1300 72 0.001879 | 0.995564
1400 51 0.001331 | 0.996895
1500 20 0.000522 | 0.997417
1600 33 0.000861 | 0.998278
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Fig.7 Graph of Length of Search Word
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